and healing agents, with propolis being a remarkable option. Propolis has been used in popular medicine for a very long time; however, it is not a drug intended for all diseases. Currently, the determination of quality standards of propolis-containing products is a major problem due to their varying pharmacological activities and chemical compositions. The aim of this review is to discuss the use of propolis with emphasis on its anti-inflammatory and healing properties.
The resin found in propolis is collected in vegetation nearby beehives, where bees also collect pollen and nectar for feeding. Propolis composition is mainly determined by the phytogeographic characteristics of beehive surroundings (19) . However, seasonal variation may occur within the same place (39) . Also, variation was observed among samples collected in the same place, but by different A. mellifera subspecies (40) . Several contaminants close by beehives can be collected and unexpectedly added to propolis, such as asphalt powder, pesticide, iron excess, copper, magnesium, (12) and even lead (2) .
It is known that bees are selective when collecting resin from a specific vegetal source, but factors that guide them are not completely understood (37, 45) . The nature of aromatic and terpene compounds found in propolis has a biological importance, allowing bees to determine which vegetal species to visit (23) .
The pharmacological activities of propolis are more numerous in tropical regions than in temperate climates, reproducing the richer vegetal diversity observed in the former (4, 28) .
More than 300 different compounds have been identified so far in propolis, including aliphatic acids, esters, aromatic acids, fatty acids, carbohydrates, aldehydes, amino acids, ketones, chalcones, dihydrochalcones, terpenoids, vitamins, and inorganic substances (23) . Of all, flavonoids are the ones which draw greater research interest (15) .
Propolis has several therapeutic properties, such as antibacterial, anti-inflammatory, healing, anesthetic (13) , anticariogenic (34) Dis., 2007, 13, 4, p. 700 Many other biological and pharmacological properties of propolis have been noted: cartilage, bone, and dental pulp regeneration; immunological properties; liver defense and antitoxic activity; antioxidant and immunomodulatory actions. Consequently, there has been increasing interest on propolis, with the chemical industry searching for viable commercial formulations. Also, investigation of isolated compounds, such as flavonoids, has grown. These compounds are biologically more active and are responsible for propolis' spasmodic (quercetin, kaempferol and pectolinarigenin), anti-inflammatory (acacetin) and antiulcerative (apigenin) activities (11) .
Propolis is a low-cost potential anti-inflammatory agent for both acute and chronic stages (6) . Its properties are used mainly for muscles and articulations, and also other types of inflammations, infections, rheumatisms and torsions. Mice and rabbit studies have shown that hydroalcoholic solutions of propolis possess antiinflammatory activity following topical, injectable, or even oral administration (23) .
Inflammation is the complex biological response of vascular tissues to harmful stimuli such as cell damage by pathogens. It is a protective attempt by the organism to remove the injurious stimuli and to initiate the healing process. In certain instances, inflammation must be regulated by using specific drugs, since it may lead to toxic consequences to the organism. The damage to the organism during the inflammatory response is induced by free radicals produced by active macrophages and neutrophils. These molecules degrade lipid acids of the plasma membrane, disrupt membrane proteins, and induce DNA mutations. NO is another potent inflammatory mediator produced by endothelial and inflammatory cells that can induce tissue damage if synthesized in large quantities (21) .
Some anti-inflammatory substances found in propolis have been isolated. According to Mirzoeva & Calder (29) , these substances are caffeic acid, quercetin, naringenin, and caffeic acid phenethyl ester (CAPE). These compounds contribute to the suppression of prostaglandins and leukotrienes synthesis by macrophages and have inhibitory effects on myeloperoxidase activity, NADPH-oxidase, ornithine decarboxylase and tyrosine-protein-kinase (30) . Krol et al. (18) attributed propolis anti-inflammatory activity to other compounds, including salicylic acid, apigenin, ferulic acid and galangin.
It is known that macrophages are involved in several body physiology processes, such as phagocytosis, enzyme release, free radical generation, and inflammation.
Scheller et al. (38) suggested that propolis immunostimulant activity may be associated with macrophage activation and enhancement of macrophage phagocytic While investigating the effects of individual propolis compounds complexes on lysine, Ivanovska et al. (17) found that cinnamic acid tends to inhibit H 2 O 2 release by peritoneal macrophages, whereas caffeic acid induces increased metabolite production.
The inhibition of NO production by macrophages may also be responsible for propolis anti-inflammatory activity (32) . Hu et al. IL-2 levels. This could also mean that, in the course of the anti-inflammatory activity of WSD and EEP, the humoral immune system plays an important role inhibiting the activation and differentiation of mononuclear macrophages. This would be a possible mechanism for the anti-inflammatory and immune effects of WSD and EEP (16) .
Inflammation can also be related to free radicals increase in the human organism (9).
Although oxidative damage is known to be involved in inflammatory-mediated tissue destruction, modulation of oxygen-free radicals production represents a new approach to the treatment of inflammatory diseases (8) . Propolis contains polyphenols and a wide range of other compounds capable of removing excessive free radicals from our organism (25) . CAPE, a flavonoid-like compound, has been identified as one of the main active ingredients of honeybee propolis and has antioxidant and anti-inflammatory properties (8) . For that reason, Celik et al. (8) investigated the efficiency of CAPE administration in preventing oxidative damage due to Escherichia coli-induced pyelonephritis (PYN) in rats. The main hypothesis of events leading to renal scarring has been that bacterial products (e.g. lipopolysaccharide) stimulate the release of proinflammatory cytokines, which initiate an inflammatory response, including chemotaxis with consequent extravasation of polymorphonuclear leukocytes (PNL) (8) . PNL release toxic products (e.g. freeoxygen radicals and lysozymes) that seem to be responsible for tissue damage; inhibition of the PNL-produced free radicals can greatly neutralize tissue damage (14) .
The levels of lipid peroxidation and NO production, and the activities of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and xanthine oxidase (XO) in E.
coli-induced PYN were evaluated in a rat model using kidney homogenates and were significantly increased. However, CAPE administration reduced malondialdehyde (MDA) levels, which is an indicator of free radical generation that increases in final stages of lipid peroxidation. NO levels have been implicated in the mechanisms of cell injury and long-term physiological changes in cellular excitability. This effect may be due to decreased expression of inducible NO (iNOS) (14) . In a similar study, Song Nevertheless, the anti-inflammatory effects of propolis depend mainly on the administration mode and dosage (29) .
A wide variety of natural products have been used in wounds treatment due to their easy application, innocuity, low cost, and bactericidal/bacteriostatic effect (26) .
Propolis is remarkably used in dermatology for wounds healing, burn and external ulcers treatment, healing time reduction, wound contraction increase, and tissue repair acceleration. During wound healing, perfect synchronized cellular and molecular interactions occur to repair damaged tissue (22) . Healing is a dynamic process involving harmonious biochemical and physiological stages, such as (27) . Sutta et al. (44) used propolis alcoholic solutions at animal wounds treatment in clinical and also experimental cases. Histologically, they observed that propolis treatment induced better healing by reducing the inflammatory response; consequently, epithelial healing was faster with propolis. The authors considered propolis suitable for wound treatment, following elimination of the infection. It is known that healing is directly related to the inflammatory process (36) , and if the latter is less pronounced, production of healing molecules and deposition of collagen fiber bundles increase. It is possible that prolonged inflammation unleashes pronounced necrosis, causing more tissue damage and rendering the healing process more difficult. Propolis tissue regeneration properties, including healing, are possibly due to its antioxidant activity.
Whenever free radicals are produced, they hamper or even block cells regeneration. 
